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[57] ABSTRACT

A glassy thermotropic chiral nematic liquid crystalline
composition comprises a glassy chiral nematic com-
pound of low molar mass that includes a cycloaliphatic
radical, a nematogenic moiety, and a chiral moiety, or a
mixture of a nematic liquid crystalline compound of low
molar mass that includes a cycloaliphatic radical and a
nematogenic moiety and a chiral compound of low
molar mass that includes a cycloaliphatic radical and a
chiral moiety. Each cycloaliphatic radical contains 4 to
about 18 carbon atoms. An optical device is formed
from the described glassy thermotropic chiral nematic
liquid crystalline composition.

1990, vol. 23, pp.
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GLASSY CHIRAL NEMATIC LIQUID
CRYSTALLINE COMPOSITIONS OF LOW
MOLAR MASS AND OPTICAL DEVICES FORMED
FROM SAME

FIELD OF THE INVENTION

This mnvention relates to glassy thermotropic chiral
nematic liquud crystalline compositions having low
molar mass, and more particularly to their use for form-
ing optical devices that produce reflected light in the
visible and near infrared regions.

BACKGROUND

Liquid crystalline materials exhibiting the cholesteric
mesophase have been proposed for use 1n a varilety of
optical device applications, for example, notch filters,
circular polarizing filters, selective reflectors, beam
splitters, and beam apodizers. U.S. Pat. No. 3,711,181,
for example, discloses an optical apparatus for modulat-
ing circular-polarized light that contains optically nega-
tive hiquid crystal films.

Polymeric liquid crystalline compositions have been
proposed as potentially useful for the aforementioned
applications. U.S. Pat. No. 4,293,435 discloses a liquid-
crystalline cholesteric polymer phase that consists es-
sentially of a copolymer of particular nematogenic and
chiral acrylic ester monomers. In U.S. Pat. No
4,410,570 is disclosed a liquid crystalline phase that
contains a cyclic organopolysiloxane to which is chemi-
cally bonded at least one mesogenic group. Thermo-
tropic cholesteric liquid crystalline glutamate copoly-
mers consisting of chiral glutamate ester repeating units
are disclosed in U.S. Pat. No. 4,743,675.

Besides polymeric liquid crystalline compositions,
there has been an interest in discovering glass-forming
Iiquid crystalline compounds of low molar mass. For
example, Attard et al., Liquid Crystals, 1992, Vol. 11,
No. 5, pp. 779-784 describes liquid crystalline com-
pounds 1n which rod-shaped mesogenic groups are at-
tached to a benzene-1,35-tricarbonyl nucleus. “Siamese-
twin” molecules in which two rod-shaped mesogenic
moieties are linked by a sulfonyl radical are described in
Dehne and Roger, Liguid Crystals, 1989, Vol. 6, No. 1,
pp. 47-62.

Attard and Imrie, Liquid Crystals, 1992, Vol. 11, No.
5, pp. 785-789, describes symmetrical hquid crystalline
compounds contamning a central alkylene chamn and a
l-aminopyrene moiety at either end. Liquid crystalline
“starburst” molecules, 1,3,5-tris[4-(diphenylamino)-
phenyllbenzene and its methylsubstituted derivatives,
are described in Inada and Shirota, J. Mater Chem.,
1993, Vol. 3(3), pp 319-320.

Kreuzer et al.,, Mol. Cryst. Lig. Cryst., 1991, Vol. 199,
pp. 345-378, describes cyclic organopolysiloxane com-
pounds containing mesogenic substituents. Liquid crys-
talline cyclic organopolysiloxanes containing choles-
terogenic or chiral substituents are disclosed in U.S.
Pat. No. 4,410,570 to Kreuzer and Gawhary. Freidzoa
el al., Polymer Preprints, 1993, Vol. 34(1), pp. 146-147,
describes liquid crystalline cyclophosphazene com-
pounds with cholesteryl-substituted mesogenic groups.

Another type of liquid crystalline composition of low
molar mass is characterized by inclusion of mesogenic
units as part of a macrocycle, as described, for example,

in Percec et al.,, Macromolecules, 1992, Vol. 25, pp.
3851-3861.
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Wedler et al., J. Mater. Chem., 1991, Vol. 1(3), pp.
347-356, notes that prevention of crystallization in lig-
uid crystalline phases of pure compounds of low molar
mass 1S a serious practical problem and proposes the use
of mixtures of compounds. Wedler et al., J Mater.
Chem,, 1992, Vol. 2(11), pp. 1195-1204, describes mix-
tures containing Siamese-twin and naphthyl ester meso-
genic compounds. Mixtures of naphthyl esters to form
liguid crystalline glassy compositions are also described
in Schafer et al., Mol, Cryst. Lig. Cryst., 1990, Vol. 191,
pp. 269-276. Eichler et al., Mol. Cryst. Lig. Cryst.,
1992, Vol. 223, pp. 159-168, describes the use of mix-
tures of liquid crystalline compounds containing a cho-
lesteric addendum for the formation of erasable holo-
graphic gratings.

Many applications of chiral liquid crystalline materi-
als in optical devices require compositions capable of
forming both right- and left-handed helical structures.
When a film of such a composition 1s applied to a sub-
strate, the helical structures must be capable of forming
and maintaining the Grandjean texture, in which the
helical axis 1s perpendicular to the substrate surface, to
enable the selective reflection of circular-polarized
light. An enantiomeric chiral pair of liquid crystalline
composttions, whose individual structures are charac-
terized as a right-handed and a left-handed helix, are
thus capable of selectively reflecting right-handed and
left-handed circular-polarized light, respectively. Espe-
cially useful for optical information storage applications
are chiral nematic liquid crystalline compositions which
form clear, transparent films that absorb no light in the
visible region but do selectively reflect visible and near-
infrared circular-polarized light.

Although thermotropic liquid crystalline polymers

exhibiting stable at ambient temperature are well
known, it is exceedingly difficult to achieve simulta-
neous mesophase formation and vitrification character-
istics at temperatures above the ambient with com-
pounds of low molar mass. A further challenge 1s pres-
ented by the objective of discovering chiral liquid crys-
talline materials of low molar mass that have the capa-
bility of forming both right-handed and left-handed
helical structures. In addition, these materials must ex-
hibit solubility characteristics which enable their pro-
cessing into clear glassy thin films for use as optical
devices. All of these requirements are met by chiral
nematic liquid crystalline compositions with low molar
mass of the present invention.

BRIEF SUMMARY OF THE INVENTION

In accordance with the invention, a glassy thermo-
tropic chiral nematic liquid crystalline composition
comprises a glassy chiral nematic compound of low
molar mass having the formula:

[INEM-1La1T CYCﬂ—ELC—]—Ey CHI],

or a mixture of a nematic liquid crystalline compound of
low molar mass having the formula:

[NEM-3+ LN CYCA]

and a chiral compound of low molar mass having the
formula:

[CYCALcHCHI,
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-continued
+CYCH+
where
+CYCF, +CYCa), and [CYCcY ;s chural, y can be zero.

each independently represents a cycloaliphatic radical
containing about 4 to 18 carbon atoms;

[NEM-T

represents a nematogenic moiety having the formula:

Z—E+YHDHX1Q—

where —Q—is an alkylene radical containing 1 to about
8 carbon atoms, —X—i1s —O—, —S—, or —CH—,
—Y—is

| N
COO@ | —CE C—’ {O)_, )

N
4©>7, =—D=— and —E— are each independently
N |

—Z is —CN, —NOj, —N=—C=S, or an alkoxy radical
containing up to about 4 carbon atoms, and g and r are
each independently O or 1;

T CHI]

represents a chiral moiety having the formula:

’!

where Q’ is an alkylene radical containing 1 to about 8
carbon atoms. — X' 1§ —0Q-—, —S—, or —CH»r—, Z’ is
an alkoxy, aralkoxy, alkylamino, or aralkylamino radi-
cal containing about 4 to 12 carbon atoms and contain-
ing at least one asymmetric carbon atom, and q’ and r’
are each independently O or 1; —L y—and —Lc—each
individually represents a connecting group having the
formula:

wilinein N @ @$mayisl T LT -

where R is hydrogen or alkyl containing up to 4 carbon
atoms, or forms a portion of a cycloaliphatic radical
containing about 4 to 18 carbon atoms: and x is 1 to 6,
and y 1s at least 1, with the proviso that when
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The invention further provides an optical device
formed from a glassy thermotropic chiral nematic liquid
crystalline composition as described above.

DETAILED DESCRIPTION

A glassy thermotropic chiral nematic liquid crystal-
line composition of the present invention can comprise
a single pure compound of low molar mass that includes
a cycloaliphatic radical to which is attached a nemato-
genic moiety and a chiral moiety. Alternatively, the
composition can comprise mixtures of compounds, such
as the following:

(a) a mixture of compounds of low molar mass
formed by the attachment of a common nemato-
genic molety and a common chiral moiety in differ-
ing proportions t0 a common cycloaliphatic radi-
cal;

(b) a mixture of two or more pure chiral nematic
hquid crystalline compounds of low molar mass
containing different nematogenic or chiral moieties
or different cycloaliphatic radicals;

(c) a mixture of one or more nematic liquid crystalline
compounds of low molar mass and a chiral com-
pound of low molar mass.

Mixtures obtained by combination of a), b), and ¢)

above are also contemplated.

In accordance with the present invention, cycloali-
phatic radicals can contain 4 to about 18 carbon atoms
in the ring structure. The ring can contain other atoms
in addition to carbon; nitrogen, oxygen and sulfur, for
example, can be included in the ring structure, which
can comprise up to about 24 atoms. An asymmetric
carbon atom can also be included, which imparts chiral-
ity to the cycloaliphatic radical and compounds con-
taining it. Furthermore, the cycloaliphatic radical need
not contain only a single ring; bicyclic and tricyclic
structures are also contemplated. Preferably the cyclo-
aliphatic radical contains about five to ten carbon
atoms, most preferably, six carbon atoms.

Nematogenic and chiral moieties can be joined to the
cycloaliphatic radicals by carbonyloxy, oxycarbonyl,
carbonyl, carbonamido, or oxy connecting groups; the
resulting compounds are thus esters, amides, acetals, or
ketals.

From 1 to 6 nematogenic moieties can be attached via
connecting groups to the cycloaliphatic radical. To
form a chiral compound in accordance with the inven-
tion, at least one chiral moiety is joined to the cycloali-
phatic radical by a connecting group except that, when
the cycloaliphatic radical is itself chiral, no addition
chiral moieties need be attached.

Table 1 below is a listing of representative com-
pounds from which cycloaliphatic radicals suitable for
the practice of the invention can be derived. The listed
cycloaliphatic compounds contain substituents such as
carboxy, carboxylic anhydnde hydroxy, amino, keto,
and formyl to enable formation of the previously de-
scribed connecting groups. Of course, other substituents
such as, for example, alkyl groups containing up to
about 4 carbon atoms, can also be present.

TABLE 1

1,3,5-cyclohexanetricarboxylic acid
(1R,3S5)-(~+)-camphoric acid
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TABLE 1-continued

1,4-cyclohexanedimethanol
1-amino-1-cyclopentanecarboxylic acid
tetrahydrofuran-2,3,4,5-tetracarboxylic acid
2,6-dimethylpiperazine

homopiperazine

1,4,7-tnazacyclonanane
1,5,9-triazacyclododecane
1,4,8,11-tetrazacyclotetradecane
1,4,7,10-tetraazacyclododecane
1,4,7,10,13,16-hexaazacyclooctadecane
bicyclo[2.2.2]oct-7-ene-2,3,5,6-tetracarboxyl dianhydride
1,3-adamantanedicarboxylic acid
trans-4-(amnomethyl)cyclohexanecarboxylic acid
1,2,3,4-cyclobutanetetracarboxylic dianhydride
(1R)-(+)-camphor

(1S)«(—)camphor

cyclohexanecarboxaldehyde

A nematogenic moiety as described above contains a
mesogenic group, which imparts liguid crystalline char-
acteristics to the moiety and to compositions formed
from it. This mesogenic group, which typicaliy has a
rod-shaped molecular structure (Cf. H. Finkelmann,
Angew. Chem. Int. Ed. Engl., 1987, vol. 26, pp. 816-824),
is attached to a flexible link —Q—, which is an alkylene
radical having either a straight or branched chain and
containing one to about eight, preferably about two to
six, carbon atoms. To obtan a liquid crystalline compo-
sitton with high optical birefringence, it is desirable that
the —Y—and —Z groups in nematogenic moieties con-
tain a multiplicity of conjugated unsaturated bonds;
however, this conjugated unsaturation must not cause
substantial absorption of light in the visible region by
the liquid crystalline composition. Useful mesogenic
groups for the practice of the present invention include:
biphenyl and diphenylacetylene moieties described in
the aforementioned paper by Finkelmann and by Wu et
al., J. Appl. Phys., 1990, vol. 68, pp. 78-85; terphenyl
groups described by Gray et al., J, Chem Soc. Chem.
Commun., 1974, pp. 431-432; diphenylpyrimidines, as
reporied by Boller et al., Z. Naturforsch, 1978, vol. 33b,
pp: 433-438; and 2,6-disubstituted naphthalene moieties,
as described by Hird et al., Ligquid Crystals, 1993, vol.
15(2) pp. 123-150. An acetylenic moiety, —C=C—,
and a carbonyloxyphenyl moiety are preferred as the
—Y—groups. Suitable —Z, substituents are included in
the aforementioned papers of Finkelmann and Wu et al.;
preferred —Z substituents are cyano or methoxy.

A chiral moiety as described above contains an opti-
cally active chiral group that includes at least one asym-
metric carbon atom and is joined to a link —Q'—,
which 1s an alkylene radical having either a straight or
branched chain and containing one to about seven,
preterably about two to six, carbon atoms.

As discussed above, compounds comprising the chi-
ral nematic liquid crystalline compositions of the inven-
tion are esters, amides, acetals, or ketals. Esters and
amides are formed by the reaction of reactive equiva-
lents of carboxylic acids, for example, carboxyl halides,
carboxylic anhydrides, and carboxylic esters derived
from volatile, low molecular weight alcohols with alco-
hols and amines, respectively. The carboxylic acid reac-
tive equivalent can be present in the reactant that pro-
vides the cycloaliphatic radical, with the reactants that
provide the nematogenic and chiral moieties being
amines or alcohols. Alternatively, the reactant that is
the source of the cycloaliphatic radical can contain
amino or hydroxy groups, with the carboxylic acid
reactive equivalents being included in the reactants that
provide the nematogenic and chiral moieties. Acetals
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6

and ketals can be formed by the acid-catalyzed conden-
sation of alcohols containing nematogenic or chiral
substituents with aldehydes or ketones, respectively,
which are the source of the cycloaliphatic radicals. The
aforementioned aldehydes or ketones can also include
nematogenic or chiral substituents.

A liqud crystalline composition of the present inven-
tion that includes a chiral moiety as described above
exhibits selective reflection of visible and near infrared
circular-polarized light of wavelength Ag. The selective
reflection wavelength Ag can be varied by changes in
the structure and concentration of the chiral moiety in
the liquid crystalline composition. To achieve liquid
crystalline compositions whose selective reflection
wavelengths are in the vistble region, it is necessary that
the compositions exhibit adequate helical twisting
power. The helical twisting power of a chiral liquid
crystalline composition can be determined from the
slope of the plot of the reciprocal of the selective reflec-
tion wavelength 1/Ag vs the mole fraction of the chiral
component as the mole fraction approaches zero (cf. S.
Krishnamurthy and S. H. Chen, Macromolecules, 1991,
vol. 24, pp. 3481-3484; 1992, vol. 25, pp. 4485-4489).
Helical twisting power of chiral nematic liguid crystal-
line compositions depends not only on the structure of
the chiral moieties but also on the structure of the
nematogentic moieties, in particular, the extent of the
conjugated unsaturation and the length of the flexible
link 1mn these moieties (cf. S. Chen and M. L. Tsai, Mac-
romolecules, 1990, vol. 23, pp. 5055-5058).

Many applications of the chiral liquid crystalline
compositions of the present invention require a pair of
structurally related compositions, one capable of form-
ing a right-handed and the other a left-handed helical
structure, which enables them to selectively reflect
right-handed and left-handed circular-polarized light,
respectively. Using an enantiomeric pair of compounds
to form two chiral moieties of opposite chirality, which
are then combined with a common nematogenic moi-
ety, provides a pair of liquid crystalline compositions
capable of forming right- and left-handed helices.

This 1s i1llustrated, for example, by the chiral nematic
hiquid crystalline copolymers containing chiral moieties
prepared from R-(+)- and S-(—)-1-phenylethylamine
that form helical structures of opposite handedness, as
described in M. L. Tsai and S. H. Chen, Macromole-
cules, 1990, vol. 23, pp. 1908-1911.

In accordance with the present invention, optically
active compounds preferred for preparing chiral moi-
eties as described above include the enantimomers of
l-phenylethanol, 1-phenylpropanol, 2-methoxy-2-
phenylethanol, mandelic acid methyl ester, a-tetralol,
l-phenylethylamine, 1-cyclohexylethylamine, and 3-
amino-€-caprolactam, camphorcarboxylic acid, men-
thyloxacetic acid, 1-methyl-2 oxocyclohexanepropionic
acid methyl ester, 2-phenylpropionic acid, and cam-
phor. Especially preferred are the enantiomeric pairs of
l-phenylethanol and i-phenylethyiamine.

As discussed above, the chiral nematic liquid crystal-
line compositions of the present invention absorb no
light in the visible region but do selectively reflect visi-
ble circular-polarized light. They exhibit a helical twist-
ing power sufficient to produce selective reflection
wavelengths in the visible and near infrared region and
are capable of forming both right-and left-handed heli-
cal structures.
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In forming an optical device in accordance with the
present invention, a film of a chiral nematic liquid crys-
talline composition is applied to a transparent substrate
such as glass or fused quartz. The film can be formed
from a melt of the chiral nematic liguid crystalline com-

position, or it can be formed by applying a solution of

the composition in a volatile organic solvent to the
substrate, followed by drying to remove the solvent. To
utilize the latter method for film formation, it is pre-
ferred that the composition be soluble in organic sol-
vents such as methylene chloride, chloroform, tetrahy-
drofuran, and the like.

The film of the chiral nematic liquid crystalline com-
position on the substrate has a thickness of about 0.5 um
to 50 pum, preferably about 5 um to 20 pm. Further-
more, the film in the liquid crystalline phase is capable
of forming and maintaining the Grandjean texture, in
which the helical liquid crystalline structure in the film
is perpendicular to the surface of the substrate.
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After the film of the chiral nematic liquid crystalline
composition has been applied to the transparent sub-
strate, it 1s annealed by first heating at a temperature
that is above the glass transition temperature but below
the clearing temperature of the composition, then cool-
ing to a temperature below the glass transition tempera-
ture. In the annealing step, the Grandjean texture is
formed in the chiral nematic liquid crystalline film and
is maintained when the film is cooled below the glass
transition temperature. Annealing is suitably performed
at a temperature that is about 0.86 to 0.98, preferably
about 0.90 to 0.95, of the clearing temperature for a
period of about 0.5 hour to 16 hours, preferably about 1
hour to 2 hours. To form and maintain the Grandjean
texture in the film, the clearing temperature should be at
least about 30° C. higher than the glass transition tem-
perature.

In Table 2 are shown the formulas of representative
nematic liquid crystalline compounds useful in composi-

20 tions of the present invention.

CHZ— CH

I—;CHTCH;I

|
COO*CH—(CHg)z—O C=C
CH3

CH5~ <|:H
COO=—(CHz);—0 COO OCHj3

CH,

|
CH—COO (CHz)z—OA.V COO OCH3
%

CH—— COO(CHz)g-O@ @

TABLE 2

(I

(1I)

(11I)

(IV)

CONH—(IZH
CHj3
(V)

CHj

I
CH——COO(CH>)40 C=C CN
i
CH— COO(CHz)z—O@ COO CONH-— (IZH
CHj

@)



ECHT—CH;l

I——(-CHZ—C(CH3) J

COO(CH2)60

CH——COO(CH2)2—0

CH3O OOC(CH,),00C
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TABLE 2-continued

O
|
g
0
g
E =Y
|
: O:
0
i
O:
0
7

HiC CHj

00 @

CH;
" COO(CH,)¢0 CN
H:C CH;j
CH3;
" COO(CH»),CO0 OCH3

Hj
camoc—@-oco@r cocxcmno@ c=c NO;

H3

O —[‘ CH]4
COO(CH3)40

@ @ ymoms

%COOCH _

(V1)

(V1I)

(VIII)

(IX)

(XI)

(X1I)

(X11I)
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TABLE 2-continued

=000

o=c@ @mw@c_c@
()@ coo@

L CH"*’L_C@ @CONHCH_@
L[' CHZ']Tl

-0-0-000r

ENIEN

(CIilz)z
N
6

QO (CHz)n

|
c—N

(CH2)2 "
(Cll'lz)z ﬁ

"@@m@ O(CHM -
COO@HMCN

COOCH

l
CH

®

(XIV)

(XV1)

(XVIID

(XIX)
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TABLE 2-continued

COO(CH;3)40 C=C CN

Y _

: >

CHaNHCO OoC COO(IZH
CHj

E}.w )

CHz CH;

CH>
¥ 2
CH O(CH2)404@- C= C@ CN
-2

The following examples further illustrate the inven-
tiom.

35

14
(XXI)
(XXII)
(XX1II)
(XXIV)
Example 1

Preparation of Compound (1)

tion scheme:

HO 1 —Q THPO I HC= CSi(CH3)3, Cul
PPTS, CHaCly Pd(PPh3),Clp, (C2Hs)sN >

Compound (I) was prepared by the following reac-

d-1)
— . K2CO; — -BuLi. 0° C. >
THPO C=C—31(CH3)3 CH:OH THPO@ C=CH nanl;, THEF

(1-2)

(I-3)

Br@ CN, 0° C.
THPU@ C=CH—ZnCl ——ympmsfor——>
(1-4)
(1-3)
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CH,=CHCH>CH>0H

DEAD, PPh3, THF, r.t. E

i. 9-BBN 9
CN 2. NaOH, H2O»

CN cyclohexanetricarboxylic acid 9
DEAD, PPhi, THF

15
-continued
(1-6)
CH>»=CHCH,;CH»O C=C
(I-7)
HO(CH»)40 C=C
(I-8)

(I-1): A solution of 4-iodophenol (74.4 g, 338 mmole)
and dihydropyran (84.1 g, 1 mole) in 800 mL of anhy-
drous methylene chloride containing pyridinium p-tol-
uenesulfonate, PTTS, (17.5 g, 69.6 mmole) was stirred
at room temperature for 5 hr.

Then the solution was diluted with ether and washed
several times with half-saturated brine to remove the
catalyst. After evaporation of the solvent, the residue
was recrystallized from ethanol to yield the tetrahydro-
pyranyl (I'HP) ether (I-1 ) (90 g, 85%).

(I-2): To a mixture of (I-1) (25 g, 82.2 mmole) and
(trimethylsilyl)acetylene (12 g, 122 mmole) in 300 mL
of triethylamine were added bis(triphenylphosphine)
palladium dichloride (1 g, 1.40 mmole) and copper(l)
iodide (9.133 g, 0.70 mmole). The reaction mixture was
stirred under nifrogen at room temperature for 3 hr
before the solvent was removed under reduced pres-
sure. The residue was extracted with 500 mL of petro-
leum ether; the extract was filtered, and the filtrate was
washed with water and dried over anhydrous MgSQj.
After evaporation of the solvent, the crude product was
purified by flash chromatography on silica gel using
1:15 diethyl ether/petroleum ether as the eluent. The
pale yellowish solid was recrystallized from ethanol to
yield (I-2) (15 g, 66%). |

(I-3): 5.0 g(I-2)( 18.2 mmole) and anhydrous potas-
sium carbonate (1.0 g, 7.23 mmole) were dissolved in
100 mL of methanol and stirred for 2 hr. The solvent
was then evaporated, and the residue was dissolved in
200 mL of petroleum ether. The solution was washed
with water, dried over anhydrous MgSQOy4, and evapo-
rated. Recrystallization of the residue from ethanol
gave (I-3) (3.62 g, 98%)).

(I-4): To a solution of (I-3) (3.4 g, 16.8mmole) in
10mL of anhydrous tetrahydrofuran (THF) at 0° C. was
added n-butyllithium (0.078 g, 16.8 mmole) in hexane
(2M). The solution was stirred for 5 min prior to adding
anhydrous zinc chloride (2.29 g, 16.8 mmole) dissolved
in anhydrous THF (20 mL.). The mixture was stirred at
room temperature for an additional 15 min.

(I-5) & (1I-6): To the solution containing (I-4) cooled
to 0° C,, a solution of 4-bromobenzonitrile (3.07 g, 16.8
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CHz — CH

mmole) in anhydrous THF (20 mL) and a solution of
tetrakis(triphenylphosphine) palladium (0.5 g, 0.43
mmole) in anhydrous THF (20 mL), both at 0° C, were
added sequentially to obtain (I-5), which was not iso-
lated. Instead, 30 mL of 1IN HCI1 solution and 10 g of
ammonium chioride were added to form two clearly
separated layers, which were stirred at room tempera-
ture for another 3 hr to deprotect the hydroxyl group.
The two layers were separated upon shaking with 50
mL of petroleum ether, and the aqueous portion was
extracted with petroleum ether. The organic portions
were combined, washed with a saturated aqueous solu-
tion of sodium bicarbonate, and dried over anhydrous
MgSQO4. After the solvent was evaporated off under
reduced pressure, the brown residue was purified by
flash chromatography on silica gel with methylene
chloride as the eluent. The yellowish product was re-
crystallized from chloroform to give (I-6) (2.35 g, 64%).

(I-7): To a stirred solution containing (I-6) (3.0 g,
13.68 mmole), triphenylphosphine (4.31 g, 16.41 mmole)
and 3-buten-1-o0l (1.42 mL, 16.41 mmole) in 30 ml of
anhydrous THF was added dropwise a solution of di-
ethyl azodicarboxylate (DEAD) (2.02 ml, 1641
mmole) in 10 mI. of anhydrous THF under a nitrogen
atmosphere. The reaction mixture was stirred for 3 hr
before the solvent was evaporated. The solid residue
was purified by flash chromatography on silica gel with
10:1 methylene chloride/hexane as the solvent and the
eluent. Further purification was accomplished via re-
crystallization from methanol containing a little methy-
lene chloride to yield (I-7) (3.39 g, 91%).

(I-8): To a stirred solution of (I-7) (242 g, 8.86
mmole) in 10 mL of anhydrous THF was added slowly
0.5 M solution of 9-borabicyclo[3,3,1 |nonane (9-BBN)
in THF (21.27 mL, 10.64 mmole). The reaction mixture
was stirred for 4 hr at room temperature; then 5 mL of
ethanol, 2 mL of 6N sodium hydroxide solution, and 4
mL of 30% hydrogen peroxide solution were added
sequentially. The reaction was allowed to proceed for
another hour before dilution with 100 mL of methylene
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chloride. The solution was washed with water and
dried over anhydrous MgSO4. Upon evaporating the
solvent, the solid residue was purified by flash chroma-
tography on silica gel with methylene as the eluent.
Further purification was accomplished via recrystalli-
zation from ethanol, yielding (I-8) (2.36 g, 92%).

(I): To a stirred solution containing (I-8) (0.606 g, 2.08
mmole), triphenylphosphine (0.55 g, 2.08 mmole) and
1,3,5-cyclohexanetricarboxylic acid (0.136 g, 0.63 1
mmole) in 15 mL of anhydrous THF was added drop-
wise a solution of diethyl azodicarboxylate (DEAD)
(0.255 mL, 2.08 mmole) in 5 mL of anhydrous THF
under a nitrogen atmosphere. The reaction mixture was
stirred for 3 hr before the solvent was evaporated. The
solid residue was purified by flash chromatography on
silica gel with 40:1 methylene chloride/acetone as the
solvent and the eluent. Further purification was accom-
plished via recrystallization from methanol containing a
little methylene chloride, yielding (I) (0.62 g, 95%).
Elemental analysis: % Calculated: C, 76.50; H, 5.51; N,
4.06; % Found: C, 76.25; H, 5.72; N, 4.07.

Thermal transition temperatures were determined for
(D), using differential scanning calorimetry. Its glass
transition temperature, Tg, was 28° C.; its clearing tem-
perature, T,, was 124° C.

Example 2
Preparation of Compound (11)

Compound (II) was prepared by the following reac-
tion scheme:

CHj3

|
HO—-CH—(CH;),—OH

x
HO @ C=C @ CN PPhs, DEAD, THF, r.t.

(1-6)

CHj3

| C C 40
HO—CH—(CH>)>—0O C=C CN

*x

(1I-1)
COOH
b\ _9((:0(:1)2 —Q—)——->I-l
HOOC coony DPMF, THF <~ pyrdine, THF, r.t.

d
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-continued

I:CHTCH;I
*

COO—(l.“,H-—(CHg)z-"O—@— c= c@ CN
CH;

(1)

(II-1 ): To a stirred solution containing (1-6) (0.86 g,
3.93 mmole), triphenylphosphine (1.24 g, 4.71 mmole),
and (S)-(+)-1,3-butanediol (0.42 g, 4.71 mmole) in 10
mL of anhydrous THF was added dropwise a solution
of diethyl azodicarboxylate (DEAD) (0.41 mL, 4.71
mmole) in 5 mL of anhydrous THF under a nitrogen
atmosphere. The reaction mixture was stirred for 3 hr
before the solvent was evaporated. The solid residue
was purified by flash chromatography on stlica gel with
20:1 methylene chloride/acetone as the solvent and the
eluent to obtain (II-1) (0.8 g, 70%).

(I1): To a solution containing 1,3,5-cyclohexane-
tricarboxylic acid (0.165 g, 0.76 mmole) and a few drops
of N,N-dimethylformamide in 10 mL of anhydrous
THF was added dropwise 2M oxalyl chloride solution
in anhydrous THF( 1.37 mL of solution containing 2.75
mmole of oxalyl chloride) at room temperature. After
stirring the reaction mixture for 1 hr, the solvent was
evaporated, and excess oxalyl chloride was removed
under vacuum. The resultant acid chloride was dis-
solved in 10 mL of anhydrous THF, and the solution
was added to a mixture of (1I-1) (0.80 g, 2.75 mmole)
and pyrndine (0.22 mL, 2.75 mmole) in 10 mL of anhy-
drous THF. The reaction mixture was stirred for 12 hr
betore the solvent was evaporated. The solid residue
was purified by flash chromatography on silica gel with
methylene chloride as the solvent and the eluent. Fur-
ther purification was accomplished via precipitation
from methanol, yielding (II) (0.71 g, 90%). Elemental
analysis: % Calculated: C, 76.50; H, 5.51; N, 4.06; %
Found: C, 76.23; H, 5.68; N, 4.04.

Example 3
Preparation of Compound (I1II)

Compound (I1l) was prepared by the following reac-
tion scheme:

HO [CH30]250;
OH TmoH/mo i its = HO OCH3

HO

CH30OCOO

(111-2)

COOH pyFcmen >

(11-1)

pyridine, THF, r.t.

(COCl)z




5,378,393

19

20

-continued

CH30C00

(11-3)

coc @ @ oct

309 NH,
cO0 OCH; EtOHTh"r’ —>

Br(CH>),OH

KOH, DMF, 80° C. -

COOH

HOOC COOH —>

(111-5)

CHE-CH

(I11-1): 4,4'-dihydroxybiphenyl (40.0 g, 0.215 mole)-
was dissolved in a solution of sodium hydroxide (17.2 g,
0.43 mole) in 160 mL. of water, to which dimethyl sul-
fate (27 g, 0.214 mole) was then added. The solution was
stirred at room temperature for 4 hr. The precipitate
was 1solated by filtration, washed with 109% aqueous
sodium hydroxide solution, and dissolved in boiling

water. Traces of insoluble 4,4'-dimethoxybiphenyl were 40

separated by hot filtration. The crude product was pre-
cipitated upon addition of dilute hydrochloric acid to
the filtrate. The precipitate was collected, washed with
water, and recrystallized from ethanol to yield (1II-1)
(30 g, 70%).

(I11I-2): To a solution of sodium hydroxide (30.0 g,
0.75 mole) in 800 mL of water was added 4-hydrox-
ybenzoic acid (35.8 g, 0.259 mole). The solution was
then cooled to —10° C.; then methyl chloroformate
(40.0 g, 0.423 mole) was slowly added, the temperature
not being allowed to exceed —5° C. The resulting
slurry was stirred for 4 hr before acidification to pHS
with concentrated hydrochloric acid. The crude prod-
uct was i1solated by filtration and recrystallized from
ethanol to yield (III-2) (35.0g, 69%).

(I1I-3): To a solution containing (I-2) (10.0 g, mole)
and a few drops of N,N-dimethylformamide in 200 mL
of methylene chloride was added dropwise oxalyl chlo-
ride (6.65 mil, 0.06 mole) at room temperature. The
reaction mixture was stirred for 1 hr; the solvent was
then evaporated, and excess oxalyl chloride was re-
moved under vacuum. The resultant acid chloride in
100 mLL of anhydrous THF was added to a solution of
(I-1 ) (12.3 g, 0.06 mole) and pyridine (4.95 ml, 0.06
mole) in 100 mL of anhydrous THF at room tempera-
ture. The mixture was stirred for 12 hr before dilution
with 500 mL of chloroform. The solution was washed
with water and then dried over anhydrous sodium sul-
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fate. Following evaporation of the solvent, the residue
was recrystallized from ethanol to yield (II1-3) (11.5 g,
61%).

(III-4): To a solution of 10.0 g (0.026 mole) (1-3) 1n
200 mL of 95% ethanol was added 30% ammonium
hydroxide (30 mL) at room temperature. The reaction
mixture was stirred for 1 hr and then acidified to pHS
with concentrated hydrochloric acid. The solution was
diluted with 200 mL of chioroform, and the organic
phase was washed with water before drying over anhy-
drous sodium sulfate. The solvent was removed to yield
(II11-4) (7.6 g, 90%).

(IT1I-5): To a solution containing (I-4) (3.0 g, 9.38
mmole) and potassium hydroxide (0.63 g, 11.3 mmole)
in 10 mL of N,N-dimethylformamide was added drop-
wise 1-bromoethanol (0.94 mL., 11.3 mmole) at 80° C.
The reaction mixture was stirred at 80° C. for 24 hr
before dilution with 100 mL of methylene chloride. The
solution was washed with water and dried over anhy-
drous sodium sulfate. After removal of the solvent, the
solid was recrystallized from ethanol to yield (III-5) (1.6
g, 46%).

(11I): To a stirred solution containing (I-5) (0.5 g, 1.37
mmole), triphenyl phosphine (0.36 g, 1.37 mmole) and
1,3,5-cyclohexaneiricarboxylic acid (0.084 g, 0.38
mmole) in 15 ml. of anhydrous THF was added drop-
wise a solution of diethyl azodicarboxylate (DEAD)
(0.17 ml, 1.37 mmole) in 5 mL of anhydrous THF under
nitrogen atmosphere. The reaction mixture was stirred
for 3 hr before evaporating the solvent. With 40:1 meth-
ylene chloride/acetone both as solvent and eluent, the
solid residue was purified by flash chromatography on
silica gel. Further purification was accomplished via
recrystallization from methanol containing a little meth-
ylene chloride to yield (III) (0.5 g, 90%).
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Using differential scanning calorimetry, the glass
transition temperature. Ty, and clearing temperature, Example 4

T, for (1II) were determined to be 177° C. and 278° C. Preparation of Compound (IV)

respectively. Compound (IV) was prepared by the following reac-

tion scheme:

(CH30)280> S
HO OH NaOH/H50, r.t. HO OCH3

dV-1)
O COOH CH1;0OCOC]
NaOH/H;0, —5° C. :-:
CH3;0C00 COOH —mmme2 >, (LD
3 “DMF, CHyCl pyridine, THF, r.t.
(Iv-2)

(IV-3)
(IV-3)
(COCl) S)-(—)1-phenvlethylamine
CH30C00 COOH =57 cmoon, yridine. THE 11, >
(v-2)
*x x
309% NH4OH
CH30CO0 CONH—CH ——=7—>> HO CONH—CH AV-7)
‘ tOH I
CH; CH;
(IV-6)
C COOH (COCl), V-
H30C00 OOH —SMF cHCh > pyndme THE 11>
(1V-2)

CH;0COO COO CONH :ZH ——}30% 408
3 | EtOH
CH;
8)

C[V-
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-continued

o Br(CH,),0H
COO CONH CH —W ST C
Hj

(IV-9)

HO(CHz)zo—@— coo@ CONH—CI-I
CH3

(IV-10)

CH,

I
CH——COO(CHy);—0

2
:CHQ:

I
CH—COO(CH;),—0

(IV-1): 4,4'-dihydroxybiphenyl (40.0 g, 0.215 mole)
was dissolved in a solution sodium hydroxide (17.2 g,
0.43 mole) in 160 mL of water, to which dimethyl sul-
fate (27 g, 0.214 mole) was then added. The mixture was
stirred at room temperature for 4 hr. The precipitate
was isolated by filtration, washed with 10% aqueous
sodium hydroxide solution and dissolved in boiling
water. Traces of insoluble 4,4’-dimethoxybiphenyl were
separated by hot filtration. The crude product was pre-
cipitated upon addition of dilute hydrochloric acid to
the filtrate. The precipitate was collected, washed with
water, and recrystallized from ethanol to yield (IV- 1)
(30 g, 70%).

(IV-2): To a solution of sodium hydroxide (30.0 g,
0.75 mole) 1 800 mlL. of water was added 4-hydrox-
ybenzoic acid 05.8 g, 0.259 mole). The solution was then

-5), cvclohexanetricarboxvhic acid
DEAD, PPhjy, r.t.

@w
@W@W_CH:Q

30 muxture was stirred for 1 hr and then acidified to pHS

35

cooled to —10° C,. and methyl chloroformate (40.0 g,

0.423 mole) was slowly added, the temperature not
being allowed to exceed —5° C. The resulting slurry
was stirred for 4 hr before acidification to pHS with
concentrated hydrochloric acid. The crude product
was isolated by filtration and recrystallized from etha-
nol to yield (IV-2) (35.0 g, 69%).

(IV-3): To a solution containing (IV-2) (10.0 g, 0.05
‘mole) and a few drops of N,N-dimethylformamide in
200 mL of methylene chloride was added dropwise
oxalyl chloride (6.65 ml., 0.06 mole) at room tempera-
ture. The reaction mixture was stirred for 1 hr. The
solvent was then evaporated, and excess oxalyl chloride
was removed under vacuoum. The resultant acid chlo-
ride in 100 mL of anhydrous THF was added to a solu-
tion containing (IV-1) (12.3 g, 0.06 mole) and pyridine
(4.95 mL, 0.06 mole) in 100 mL of anhydrous THF at
room temperature. The mixture was stirred for 12 hr
before dilution with 500 mL of chloroform. The solu-
tion was washed with water and then dried over anhy-
drous sodium sulfate. After removal of the solvent, the
solid residue was recrystallized from ethanol to yield
(AV-3) (11.5 g, 61%).

(IV-4): To a solution of 10.0 g (0.026 mole) (IV-3) in
200 mL of 95% ethanol was added 30% ammonium
hydroxide (30 mL) at room temperature. The reaction
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with concentrated hydrochloric acid. The solution was
diluted with 200 mL of chloroform, and the organic
phase was washed with water before drying over anhy-
drous sodium sulfate. The solvent was removed to yield
(IV-4) (7.6 g, 90%).

(IV-5): To a solution at 80° C. of (IV-4) (3.0 g, 9.38
mmole) and potassium hydroxide (0.63 g, 11.3 mmole)
in 10 mL of N,N-dimethylformamide was added drop-
wise 1-bromoethanol (0.94 mL, 11.3 mmole). The reac-
tion mixture was stirred at 80° C. for 24 hr before dilu-
tion with 100 mL of methylene chloride. The resulting
solution was washed with water and dried over anhy-
drous sodium sulfate. Following removal of the solvent,
the residue was recrystallized from ethanol to yield
(IV-5) (1.6 g, 46%).

(IV-6): To a solution containing (IV-2) (3.0 g, 15.3
mmole) and a few drops of N,N-dimethyiformamide in
30 mL of methylene chloride was added dropwise oxa-
lyl chlonide (2.53 g, 20 mmole) at room temperature.
After stirring for 1 hr, the solvent was evaporated, and
excess oxalyl chloride was removed under vacuum. The
resultant acid chloride was dissolved in 20 mL of anhy-
drous THF, which was mixed with a solution of (S)-
(—)- 1-phenylethylamine (2.22 g, 18 mmole) and pyri-
dine (1.57 g, 20 mmole) in 20 mL of anhydrous THF at
room temperature. The reaction mixture was stirred for
12 bhr before dilution with 200 mL of chloroform. The
solution was washed with water and then dried over
anhydrous sodium sulfate. After removal of the solvent,
the solid residue was recrystallized from ethanol to
vield (IV-6) (2.69 g, 73%).

(IV-7): To a solution of (IV-6) (2.69 g, 9.0 mmole) in
150 ml of 95% ethanol was added 30% ammonium
hydroxide (30 mL) at room temperature. The reaction
mixture was stirred for 1 hr before being acidified to
pHS with concentrated hydrochloric acid. The solution
was diluted with 150 mL of chloroform, and the organic
portion was washed with water before drying over
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anhydrous sodium sulfate. The solvent was then re-
moved, yielding (IV-7) (1.95 g, 90%).

(IV-8): To a solution containing (IV-2) (1.50 g, 7.65
mmole) and a few drops of N,N-dimethylformamide in
10 mL of methylene chloride was added dropwise oxa-
1yl chloride (0.8 mi, 9.18 mmole) at room temperature.
After stirring for 1 hr. the solvent was evaporated, and
excess oxalyl chloride was removed under vacuum. The
resultant acid chloride was dissolved in 10 mL of anhy-
drous THF, and the solution was mixed with a solution
of (I11-7) (2.20 g, 9.18 mmole) and pyridine (0.74 mlL,,
9.18 mmole) in 10 m1L. of anhydrous THF. The reaction
mixture was stirred for 12 hr before dilution with 100
ml of chloroform. The resulting solution was washed
with water and dried over anhydrous sodium sulfate.
Following removal of the solvent, the solid was recrys-
tallized from ethanol to yield (IV-8) (2.0 g, 63%).

(IV-9): To a solution of(IV-8) (2.13 g, 5.03 mmole) in
100 mL of 95% ethanol was added 20 mL of 30% am-
monium hydroxide at room temperature. The reaction
mixture was stirred for 1 hr before acidification to pHS
with concentrated hydrochloric acid. The solution was
then diluted with 100 mL of chloroform, and the result-
ing solution was dried over anhydrous sodium sulfate.
The solvent was removed to yield IV-9) (1.73 g, 95%).

(IV-10): To a solution at 80° C. of (IV-9) (1.73 g, 4.78
mmole) and potassium hydroxide (0.32 g, 5.73 mmole)
in 10 mL of N,N-dimethylformamide was added drop-
wise 1-bromoethanol (0.48 mL, 5.73 mmole). The reac-
tion mixture was stirred for 24 hr at 80° C. before dilu-
tion with 100 mL of methylene chloride. The resulting
solution was dried over anhydrous sodium sulfate. Fol-

10

15

20

23

30

(COCl)

CH3;0C00

COOH  —FE e =

*
cm,ocoo-@ coo-(l:H@
CH;3

(COCl),

CH30OCQOO .

CH30CO0O0

COOH  —SMF ca.ch > ———— >

x
CHj3;
x
HO COO COO""(I:H
CHj
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lowing removal of the solvent, the solid was recrystal-
lized from ethanol to yield (IV-10) (1.0 g, 52%).

(IV): To a stirred solution of (IV-5) (0.50 g, 1.37
mmole), (IV-10) (0.279 g, 0.687 mmole), triphenylphos-
phine (0.54 g, 2.06 mmole) and 1,3,5-cyclohexanetricar-
boxylic acid (0.124 g, 0.573 mmole) in 15 mL of anhy-
drous THF was added dropwise a solution of diethyl
azodicarboxylate (DEAD) (0.253 mL., 2.06 mmole) in 5
ml. of anhydrous THF under a nitrogen atmosphere.
The reaction mixture was stirred for 3 hr before the
solvent was evaporated. The solid residue was purified
by flash chromatography on silica gel with 40:1 methy-
lene chloride/acetone as the solvent and the eluent.
Further purification was accomplished via precipitation
from methanol, yielding (IV) (0.66 g, 90%). Elemental
analysis: % Calculated: C. 71.35; H, 5.33; N, 1.08; %
Found: C, 71.16; H, 5.36; N, 1.13.

Differential scanning calorimetry measurements with
(IV) gave a glass transition temperature, T, of 69" C.
and a clearing temperature, T, of 137° C.

Example 5
Preparation Of Compound (V)

Compound (V) was prepared by the same procedure
used for (IV), with the exception that (I-8) was used in
place of (IV-5) in the last step.

Example 6
Preparation of Chiral Nematic Mixture((VI)

" The chiral nematic mixture (VI) was prepared by the
following reaction scheme

— )1-phenviethanol
yndme, THEF, r.t.

30% NH4OH ¥

—=5g > HO COO—CH

|
CHj

@m_CH@

pyridine, THF, r

30% NH4

EtOH, 1 hr E

Br(CH2),OH

KOH, DMF, 80" C. E

HO(CH;)gO@‘ CC}O@ COO— ?H@ (VI-1)
CH>
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-continued
COOH
(COCl) S -8) and (VI-1
DMF, THF pyridine, THF, r.t.
HQOOC COOH
e
CH——COO(CH2)4s—0O C=C CN
= ,.
CH—COO(CHy»—O COO COO'-'-(IZH
" CH3
VD
(VI-1): Intermediate (VI-1 ) was synthesized follow- - o 7
ing the procedures outlined above for Intermediate Xampic

(IV-10), using (S)-(—)- 1-phenylethanol instead of (S)-
(—)-1-phenylethylamine.

(VI): To a solution of 1,3,5-cyclohexanetricarboxylic 25 .

~O0~Or

Preparation of Compound (VIII)

Compound (V1I) was prepared by the following re-
tion scheme:

HO(CHz)s)Br

K.OH KI, DMF, 80 OC

(IR, 35)-(+)-camphoric acid >
HO(CH3)sO @ @ CN DEAD, PPh3, THF

(VII-1)

acid (0.187 g, 0.86 mmole) and a few drops of N,N-
dimethylformamide in 10 mL of anhydrous THF was
added dropwise 2M oxalyl chloride solution in anhy-
drous THEF (1.42 mL of solution containing 2.84 mmole
of oxalyl chiloride) at room temperature. After 1 hr
stirring of the reaction mixture, the solvent was evapo-
rated, and excess oxalyl chloride was removed under
vacuum. The resultant acid chloride was dissolved in 10
mL of anhydrous THF, and the solution was added to a
mixture of (I-8) (0.50 g, 1.72 mmole), (VI-1) (0.43 g, 1.03
mmole) and pyridine (0.23 mL, 2.84 mmole) in 10 mL of

anhydrous THF. The reaction mixture was stirred for 60

12 hr before the solvent was evaporated. The solid
residue was purified by flash chromatography on silica
gel with methylene chloride as the solvent and the elu-
ent. Further purification was accomplished via precipi-
tation from methanol, yielding the chiral nematic mix-
ture (VD) (0.35 g). HPLC and proton NMR integration
analysis revealed that (VI) is a multicomponent mixture
with an overall chiral mole fraction of 0.11.

30

93

65

(VII-1). To a solution at 80° C. of 4-hydroxy-4'-
cyanobiphenyl (5.0 g, 25.6 mmole), potassium hydrox-
ide (1.43 g, 25.6 mmole) and a few crystals of potassium
iodide in 10 mL of N,N-dimethylformamide was added
dropwise 6-bromo-1-hexanol (3.35 mL, 25.6 mmole).
The reaction mixture was stirred for 24 hr at 80° C.
before dilution with 500 mL of methylene chloride. The
resulting solution was dried over anhydrous sodium
sulfate and evaporated to dryness. The solid was recrys-
tallized from ethanol to yield (VII-1) (43. g, 57%).

(VII): To a stirred solution of (VII-1) (0.74 g, 2.51
mmole), triphenylphosphine (0.658 g, 2.51 mmole) and
(1R, 3S)-(+ )-camphoric acid (0.124 g, 0.573 mmole) in
15 mL of anhydrous THF was added dropwise a solu-
tion of diethyl azodicarboxylate (DEAD) (0.31 mL,
2.51 mmole) 1n 5 mL of anhydrous THF under a nitro-
gen atmosphere. The reaction mixture was stirred for 3
hr before the solvent was evaporated. The solid residue
was purified by flash chromatography on silica gel with
40:1 methylene chloride/acetone as the solvent and the
eluent. Further purification was accomplished via pre-
cipitation from methanol, yielding (VII) (0.76 g, 92%).
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Elemental analysis: 9% Calculated: C, 76.39; H, 7.16; N,
3.71; % Found: C, 76.06; H, 6.82; N, 4.14.
The glass transition temperature, T, and clearing

temperature, T, for (VII) were determined tobe —5 °
C. and 42° C., respectively.

Example 8
Formation of Optical Devices

Optical devices were formed from the chiral nematic
liquid crystalline compositions of the invention listed in
Table 3. The thermal transition temperatures Toand T,
shown in Table 3 were determined by differential scan-
ning calorimetry.

TABLE 3
Optical Liquid Crystalline 7T, T, Chiral AR
Device Composition (°C.) (°C.) Mole Fraction (nm)
A (IV) 69 137 0.33 425
B av) + (1D 68 170 0.26 557
C ({IVv) + dI) 68 190 0.20 705
D (VD + @) 29 75 0.06 964
E (VI —3 42 0.50* 1600
F @+ dn 36 85 0.62 1355

*Two asymmetric centers in cycloaliphatic radical and two nematogenic moieties

Films having a thickness of approximately 10 um
were formed from melts of the liquid crystalline compo-
sitions between a pair of glass plates (Corning 7059 baria
alumina borosilicate glass with a refractive index of 1.53
at 589.3 nm). The devices were heated above the clear-
ing temperature, sheared to induce alignment, and an-
nealed at 95% of the clearing temperature for 1 hour.
Selective reflection wavelengths, Ag, were determined
using a Perkin-Elmer Lambda 9 UV—visible—near IR
spectrophotometer.

Optical device A, formed from the chiral nematic
liquid crystalline compound (IV), displayed a Ag of 425
nm. Mixtures of (IV) with varying amounts of the non-
chiral liquid crystalline compound (III) were used to
form devices B and C, whose Ag values were 557 nm
and 705 nm, respectively.

Optical device D was formed from a composition
comprising (VI), a mixture of chiral nematic liguid
crystalline compounds, and the nonchiral liguid crystal-
line compound (I). The chiral mole fraction of the re-
sulting mixture was 0.06. The selective reflection wave-
length of the device was 964 nm.

Optical device E contains a film of compound VII,
whose structure comprises two nematogenic moieties
attached to a chiral cycloaliphatic radical. Device E
exhibited a Ag of 1600 nm.

A mixture of the nonchiral liquid crystalline com-
pound (I) and the chiral compound (II), which had a
chiral mole fraction of 0.62, was employed to form
optical device F. The selective reflection wavelength,
AR, of this device was 1355 nm.

The 1invention has been described in detail with par-
ticular reference to preferred embodiments thereof, but
it will be understood that variations and modifications
can be effected within the spirit and scope of the inven-
tion.

What 1s claimed i1s:

1. A glassy thermotropic chiral nematic liquid crys-
talline composition comprising a glassy chiral nematic
compound of low molar mass having the formula:

[NEM4+LadtCYCH+Lcd+CHI,
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or a mixture of a nematic liquid crystalline compound of
low molar mass having the formula:

INEM+F LA CYCN

and a chiral compound of low molar mass having the
formula:

[CYCcH+LcCHI,
where

+CYC+, -+CYCp], and {CYCc+

each independently represents a cycloaliphatic radical
containing about 4 to 18 carbon atoms;

[NEM-}

represents a nematogenic moiety having the formula:

Z—E+Y}HDEX+Q—

where —Q—is an alkylene radical containing 1 to about
8 carbon atoms, —X—is —O—, —S—, or —CH>—,
—Y—is

N
—COO@’ —CE C—, @jl )
N

O

N

—D—and —E—are each independently

—Z 18 —CN, —NOjy, —N=C=S, or an alkoxy radical
contaimng up to about 4 carbon atoms, and q and r are
cach independently O or 1;

+ CHI]

represents a chiral moiety having the formaula:

rY

where Q' is an alkylene radical containing 1 to about 8
carbon atoms, —X' 18 —O—, —8—, or —CH>—, Z' is
an alkoxy, aralkoxy, alkylamino, or aralkylamino radi-
cal containing about 4 to 12 carbon atoms and contain-
ing at least one asymmetric carbon atom, and q’ and 1’
are each independently O or 1; —La—and —Lc—each
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individually represents a connecting group having the each independently contains about 5 to 10 carbon
formula: atoms.
11. A composition of claim 10 where
O O R R O
o —o—t -—"—1!4—, N—tm of mO— +CYCF, +CYCpl, 2nd [CYCcH

each independently contains 6 carbon atoms.

where R i1s hyd alkyl containin to 4 carb oy :
S S JCTOgEn Or 4Ry son & Ub to % carhon 12. A composition of claim 11 where

atoms, or forms a portion of a cycloaliphatic radical
containing about 4 to 18 carbon atoms; and x is 1 to 6, 10

and y is at least 1, with the proviso that when TCYCT
contains 6 carbon atoms, x 1s 2, and y 1s 1.
CYC ? ?
TexYer 13. A composition of claim 1 where
1s chiral, y can be zero. i5
2. A composition of claim 1 where the sum of x and TCYCT
y 1s from 3 to 6. o .
3. A composition of claim 1 where x is 1 to 3. 1s chiral and y IS Z€ro. _
4. A composition of claim 1 where —X—is —Q-—, 14. A composition of claim 1 where
—Y—is —C=C—or p-carbonyloxyphenyl, both —D- 7g
—and —E—are p-phenylene, —Z 1s —CN or —OCH3, +CYC+

qis l,andrisOor 1.
5. A composition of claim 4 where —Q—contains 2 further includes a nitrogen or oxygen atom.

t0 4 carbon atoms and —Z is —CN. 15. A composition of claim 1 where
6. A composition of claim 1 where Z' is an alkoxy or 75
aralkoxy radical derived from an alcohol. +CYCF
7. A composition of claim 6 where said alcohol is
l-phenylethanol. 1S polycyc]ic
8. A composition of claim 1 where Z’ is an alkylamino 16. A composition of claim 1 comprising a plurality of
or aralkylamino radical derived from an amine. 30 chiral nematic compounds.
9. A composition of claim 8 where said amine is 1- 17. A composition of claim 1 comprising

CH>
(IZH""—"' COO(CH3y);— 0‘@— COO OCH;
H_ﬁ__l 2
CH>
SH~——C00 (CHa)y— 0-@- coo@ CONH— CH@ .
Hj

phenylethylamine. 0V 18.A composition of claim 17 further comprising

(I1I)
ECHE" (I:H;I
COO—(CH>)»—0O COO0O @ @ OCHs.

10. A composition of claim 1 where 65

+CYC+, «4$CYCpl, and [CYCcH 19. A composition of claim 1 comprising the chiral
mixture
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having a chiral mole fraction of 0.11.
20. A composition of claim 19 further comprising

0,

CHT CH
COO(CH2)40 C=C CN.

21. A composition of claim 1 comprising

22. A composition of claim 1 comprising a mixture of

I
E::.H2 CHh_-I
o Q-emc—0-o
(I1)

ECHT ‘:I:H;—-l
C%-CH—(CH2)2“O—@ C_C@
CH3
23. An optical device comprising an optically trans-
parent substrate and a film formed from a glassy ther-
motropic chiral nematic liquid crystalline composition

comprising a glassy chiral nematic compound of low
molar mass having the formula:

[NEM4F Ly CYCHFLctCHI,

or a mixture of a nematic liquid crystalline compound of
low molar mass having the formula:

INEM+—+FLAFFCYCA]

and a chiral compound of low molar mass having the
formula:

[CYCcH-LctytCHI,

34

(VI)

L
} CH“-COO(CHZ)J,—O—@— C= c—@- CN
T
CH— COO(CH;);-'O Coo coo—a:l:H
CH;

-contimued
15

where

+CYCY+, +CYCpL and [CYCcF

each independently represents a cycloaliphatic radical
containing about 4 to 18 carbon atoms;

[INEM-t-

(Vi)

H ”cm(CHg)ﬁo
HiC CHs

35 Tepresents a nematogenic moiety having the formula:

Z—E+YHD+XHQ—

where —Q—is an alkylene radical containing 1 to about
8 carbon atoms, —X-—1§ —QOQ—, —S—, or —CH)—,
—Y—1is

Or

N

20

33

00

—7Z 18 —CN, ——-NQO), —N=—=C=S, or an alkoxy radical
containing up to about 4 carbon atoms, and gq and r are
each independently O or 1;

65 |
+CHI]

represents a chiral moiety having the formula:
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24. An optical device according to claim 23 where
said substrate 1s glass or fused quartz

25. An optical device according to claim 23 where
—Q+X'1; COO CO—2Z' sald fiim has a thickness about 0.5 um to 50 pm.
, 5  26. An optical device according to claim 25 where

sald thickness is about 5 um to 20 um.
27. An optical device according to claim 23 where

said chiral nematic liquid crystalline composition com-
prises

[
# 2
CH>» : :

where Q' is an alkylene radical containing 1 to about 8
carbon atoms, —X' is —Q—, —S—, or —CH»—, Z' is

(1V)

I
CH=—COO(CHs),—0

an alkoxy, aralkoxy, alkylamino, or aralkylamino radi-
cal containing about 4 to 12 carbon atoms and contain- 25
ing at least one asymmetric carbon atom, and q’ and r’

28. An optical device according to claim 27 where

sald chiral nematic liquid crystalline composition fur-
ther comprises

CHE— (|:H
COO—(CH,),— —@coo @ @ OCHs.

are each independently 0 or 1; —LLy—and —L c—each
individually represents 2 connecting group having the

(11I)

29. An optical device according to claim 23 where
said chiral nematic liquid crystalline composition com-

formula: prises the chiral mixture
(VD
(IJH
H—COO(CH2)4—O©— C=cC
I
i _@m@m@
Hj
having a chiral mole fraction of 0.11.
55 30. An optical device according to claim 29 where
said chiral nematic liquid crystalline composition fur-
0O O O R R O ther comprises
I | ! |
—C—0—, —0—C—, —C—N—, —N—C—, or —O—

where R is hydrogen or alkyl containing up to 4 carbon

: . . . CHs5— CH
atoms, or forms a portion of a cycloaliphatic radical 2
containing about 4 to 18 carbon atoms: and x is 1 to 6, CUO(CH2)40 C=C
and y 1s at least 1, with the proviso that when

65

+CYC+ 31. An optical device according to claim 23 where

sald chiral nematic liquid crystalline composition com-
is chiral, y can be zero. prises
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32. An optical device according to claim 23 where

said chiral nematic liquid crystalline composition com-

prises a mixture of

ECH_;;- (IZ‘,H;l
coqcmno@ c= c—@— CN

)

10

15

20

25

30

35

45

50

55

65

I;CHZ—CHJ
l x

and

38

(V1)

(1I)

COO"—(I:‘,H— (CHZ)Z"‘O—@ C== C—@— CN.
CH;3

*

¥*

*

*x
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